
Accelera tor  Department 
BROOKHAVEN NATIONAL LABORATORY 
Associated U n i v e r s i t i e s ,  Inc .  

Upton, L . I . ,  N.Y. 

AGS DIVISION TECHNICAL NOTE 

No. 58 

Th. J .M. S luy te r s  
December 10, 1968 

INVESTIGATION OF A HIGH VOLTAGE BREAKDOWN PROBLEM THAT 
OCCURRED DURING INSTALLATION OF THE NEW 750 kV HIGH 

GRADIENT ACCELERATING TUBE I N  THE COCKCROFT-WALTON PIT 

An unexpected r e j e c t i o n  of t h e  n&w high  g rad ien t  a c c e l e r a t o r  by 

t h e  Cockcroft-Walton genera tor  enc losure  occurred dur ing  t h e  1968 

October shutdown. 

The cause of t h e  t r o u b l e  became obvious a f t e r  s e v e r a l  days of 

condi t ion ing  t h e  tube .  

t h e  column and i t s  enc losures  i n  t h e  t e s t  area and i n  t h e  p re sen t  

l o c a t i o n  of t h e  p i t .  

F igure  1 shows r e s p e c t i v e l y  c ros s - sec t ions  of 

F igure  2 shows t h e  a c t u a l  column i n s t a l l e d  i n  t h e  
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"Non-symmetrical" Location of Tube i n  t h e  
750 kV Cockcroft-Walton P i t .  

Fig.. 1 

"Symmetrical" Location of Tube i n  a 
Comparable Test Area. 
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The column condi t ioned  proper ly  be fo re  s e r i o u s  a r c i n g  occurred a t  670 kV. 

Our d i a g n o s t i c  equipment (simultaneous r eco rd ing  of a ) _ h i g h  v o l t a g e  micro- 

d i scha rges  b) t u b  vacuum and c )  Po la ro id  photographs from s t a t e g i c  l o c a t i o n s  

around t h e  column) made it clear t h a t  t h e  o u t s i d e  o f  t h e  column w a s  t h e  

l i m i t a t i o n .  

0 

A l l  photographs showed a r c i n g  i n  t h e  area i n d i c a t e d  as 

c r i t i c a l  area'! i n  F ig .  1. Arcing a l s o  i n i t i a t e d  from very  much the1 11 

same spo t ,  i . e . ,  t h e  second corona-r ing n e a r e s t  t o  t h e  h igh  v o l t a g e  dome. 

F igure  3 i s  a photograph of such a t y p i c a l  d i scharge ,  i n i t i a t e d  from above 

mentioned corona-r ing.  

A f t e r  i n s t a l l a t i o n  o f  s t a i n l e s s  steel  1- in .  diameter  corona- r ings  

(removed o r i g i n a l l y  f o r  p r a c t i c a l  reasons)  t h e  h igh  v o l t a g e  reached a new 

l e v e l  of  720 k V .  This  improvement can be  expla ined  by t h e  lower maximum 

g r a d i e n t  around t h e  corona-r ings (see Appendix 1). 

It became more and more ev iden t  t h a t  t h e  f i e l d  s t r e n g t h  w a s  t o o  l a r g e  e around t h e  t o p  quadrant ,  c l o s e s t  t o  t h e  dome which has  not t h e  "p ro tec t ion"  

o f  a n  adequate  sp inning  due t o  t h e  asymmetric l o c a t i o n  o f  t h e  beam cen te r -  

l i n e  wi th  r e s p e c t  t o  the dome c e n t e r .  Small mod i f i ca t ions  o f  t h e  p o s i t i o n  

of  t h e  f i r s t  two corona- r ings  improved t h e  ope ra t ing  l e v e l  t o  750 kV. 

R. C l ippe r ton  p l o t t e d  p o t e n t i a l  d i s t r i b u t i o n s  of  s e v e r a l  conf igu ra t ions  

i n  a n  e l e c t r o l y t i c  t ank  t o  v e r i f y  above mod i f i ca t ions ,  bu t  mainly t o  f i n d  

p o s s i b l e  improvements: A s  long as a r c i n g  i s  not e r r a t i c ,  but  p r e v a i l s  t o  

t r i g g e r  i n  t h e  s e c t i o n  mentioned above, lower f i e l d  s t r e n g t h  i n  t h a t  area 

w i t h  s l i g h t  mod i f i ca t ions  should be  p o s s i b l e .  This  i s  s t i l l  t h e  case .  

F igu res  4 and 5 shows t h e  e l e c t r o l y t i c  t ank  and au tomat ic  p l o t t e r  

s e v e r a l  yea r s  ago b u i l t  by A. Soukas and R. C l ippe r ton  (unpubl ished) .  The 

accuracy of  t h e  p l o t t e r  i s  mainly determined by t h e  diameter  of  t h e  pen 

(.020"). We are mainly i n t e r e s t e d  i n  r e l a t i v e  measurements. 

* 
It should be  noted t h a t  t h e  tube  i n  t h e  test  area could o p e r a t e  up t o  a t  

least 760 kV. 
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F igu re  6 shows t h e  g e n e r a l  p o t e n t i a l  d i s t r i b u t i o n  i n  t h e  v e r t i c a l  

p l ane  of t h e  C-W p i t .  Close-ups (ha l f  scale) are made of va r ious  

p o t e n t i a l  d i s t r i b u t i o n s . a r o u n d  t h e  c r d t i c a l  corona- r ings  numbered 11 t o  15. 

Jc 
Conf igura t ion  F igure  F i e l d  S t r eng th  (kV/cm) 

i.12 I - if14 
F 

4 / 1 1  - - #13 - 

The maximum f i e l d  s t r e n g t h  around them h a s  been approximated by a s imple 

formulae assuming concen t r i c  e q u i p o t e n t i a l s :  

. r--- 

- -  - A' ' k V / c m  wi th  AV = 25 kV. Emax d r 
\$< .=-, d i x -. \.---- - 

Figure  7 shows t h e  d i s t r i b u t i o n  when w e  reached 720 kV and Fig .  8 

(with r e s p e c t i v e l y  r eces sed  and r a i s e d  r i n g s  f.14 and 15) f o r  750 kV. 

The a n a l y s i s  i s  summarized i n  Table  1. The improvement around d i s k  #14 

i s  c l e a r :  The f i e l d  s t r e n g t h  i s  about  equal ized  around t h e  f i r s t  t h r e e  

r i n g s  . 
Along t h i s  way o f  reasoning  a f u r t h e r  improvement can be  expected 

by a gradual  recess of  t h e  corona-r ings s t a r t i n g  from d i s k  #12. This  i s  

demonstrated i n  F ig .  9 .  The maximum f i e l d  s t r e n g t h  i s  improved about 20%. 

Th i s  s o l u t i o n ,  however, r e q u e s t s  machining of  d i s k  W14 which i s  not  t o o  

p r a c t i c a l .  

Jc 
Note: 30 kV/cm f i e l d  s t r e n g t h  i s  mostly used as  p r a c t i c a l  upper l i m i t  

i n  a i r .  
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Other conf igu ra t ions  were checked, such as r a i s i n g  of t h e  h igh  vo l t age  

0 dome wi th  some inches.  However, a clear improvement w a s  not so  ev ident .  

J.G. Cottingham suggested t o  r e p l a c e  and extend t h e  corona-ring on d i sk  

fill o r  12 f o r  a much l a r g e r  corona-r ing,  r e l i e v i n g  t h e  e l e c t r i c a l  stress 

f u r t h e r  around t h e  o r i g i n a l  c r i t i c a l  r eg ion?  F igure  10 shows a more o r  

less optimized l o c a t i o n  Gf such a r i n g  and a comparison wi th  t h e  previous 

r e s u l t s  seems indeed t o  suggest  an  i n t e r e s t i n g  r educ t ion  of f i e l d  s t r e n g t h  

i n  t h e  p re sen t  c r i t i c a l  area. More d e t a i l s  of t h i s  p o s s i b i l i t y  us ing  a 

computer program i s  under i n v e s t i g a t i o n  by J . G .  Cottingham and R.  Lockey. 

F i n a l l y  a p o t e n t i a l  p l o t  w a s  made of t h e  810 kV high  g rad ien t  column 

loca ted  symmetrical i n  t h e  new p i t  of t h e  200 MeV l i n a c  (see Fig.  11). 

It i s  obvious t h a t  no h igh  stresses occur around t h e  r i n g s  c l o s e  t o  t h e  

h igh  vo l t age  dome. 

Conclusion 

The o p e r a t i o n a l  vo l t age  of t h e  h igh  g rad ien t  column i s  around 750 kV. 

Fur the r  improvement can s t i l l  be expected wi th  t h e  extended l a r g e  corona-ring. 

D i s t r :  Department Adminis t ra t ion  
AGS Divis ion  S t a f f  
Conversion Div is ion  S t a f f  

:‘C 
See memorandum t o  Th. S l u y t e r s  from J.G. Cottingham on t h e  s u b j e c t ,  

Electr ic  F i e l d  High Gradient Column, da ted  November 13, 1968. 
- 



APPENDIX 1 

The maximum electr ical  s t r e n g t h  (g rad ien t )  between p a r a l l e l  c y l i n d e r s  

can  be  compared by us ing  t h e  fol lowing p r a c t i c a l  formulae (M. von Ardenne: 

Tabel len  de r  Elektronenphysik,  Ionenphysik und Ubermikroskopie, Band 11): 

*9/VJ 
r + .5d (kV/cm) = 

Emax 2.3 r l g  

AV = p o t e n t i a l  d i f f e r e n c e  between conductors ( i n  kV) 
- 

r = r a d i u s  o f  t h e  cy l inde r  (cm) 

d = d i s t a n c e  between t h e  c y l i n d e r s  (cm) 

For 1 /2- in .  0.d.  corona-r ings and 2- in .  d i s t ances ,  t h e  maximum g r a d i e n t s  

are 18.7 kV/cm, wh i l e  f o r  1- in .  0.d. corona-r ings and 1-1/2-in.  d i s t a n c e s  

between them t h e  maximum grad ien t  i s  smaller; 17.0 kV/cm. This  r educ t ion  

improved t h e  vo l t age  hold-off  s i g n i f i c a n t l y  (+ 50 kV). 



... -- 

1 

F i g .  2 High G r a d i e n t  Column I n s t a l l e d  i n  t h e  L inac  

F i g .  3 A T y p i c a l  Arc Across  t h e  Column 



APPENDIX 1 

-‘*-The maximum e l e c t r i c a l  s t r e n g t h  (g rad ien t )  between p a r a l l e l  c y l i n d e r s  

can b e  compared by us ing  the fol lowing p r a c t i c a l  formulae (M. von Ardenne: 

Tabel len  de r  Elektronenphysik,  Ionenphysik und Ubermikroskopie, Band 11): 

\ 

I 

*9AV 
r + -5d 

r 

E (kV/cm) = 
.,’ 2.3 r l g  max . 

AV = p o t e n t i a l  d i f f e r e n c e  between conductors ( i n  kV) 

r =  r a d i u s  of  t h e  c y l i n d e r  (cm) 

d = d i s t a n c e  between t h e  c y l i n d e r s  (cm)  

For 1 /2- in .  o.’d. corona-r ings and 2- in .  d i s t a n c e s ,  t h e  maximum g r a d i e n t s  

are 18.7yEV/cm, wh i l e  f o r  1- in .  0.d. corona-r ings and 1-1/2-in.  d i s t a n c e s  

betwepen them t h e  maximum grad ien t  i s  smaller; 17.0 kV/cm. This  r educ t ion  

,+ 

,( *” 

ved t h e  v o l t a g e  hold-off  s i g n i f i c a n t l y  (+ 50 kV). 



F i g .  4 E l e c t r o l y t i c  Tank, P l o t t e r  and  C o n t r o l  P a n e l  

F i g .  5 E l e c t r o l y t i c  Tank 
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Potential Distributien in the Vertical Plane .  , .  
(Scale 3/16" = 1") 
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Fig.  8 Ex i s t ing  S i t u a t i o n  i n  Linac f o r  - 750 kV Hold-Off 
Voltage with-  Recessed #I4 and Raised #15 Corona- 
Ring. Scale  112 .  

.. 

1 



I 
I 

2
 

3
 

1 
* 

, 
c

k
 

A
 B I 

\1
 

P Y x-
 

<
 

I 
R

EV
. 

DE
SC

RI
PT

IO
N'

 
BY

 
D

A
TE

 
C

K
R

 
A

 

FO
R

M
 
- 
BN
L 

- 
15

8 
DI

ET
ZG
EN
 
19
8-
M 

A
G

E
P

R
O

O
F

 



I 
I 

3
 

1 
2

 
1 

5V
. 

v1
 

0
 

m
 

D
ES

C
R

lP
Tl

O
N

 
D

Y 
L‘

1:
E 

C
K

R
 



Y
 

'\
 

\ 

/
"
 

,/ 




